Haploinsufficiency of ANKRD11 due to deletion or truncation mutations causes KBG syndrome, a rare genetic disorder characterized by intellectual disability, autism spectrum disorder, and craniofacial abnormalities. However, little is known about the neurobiological role of ANKRD11 during brain development. Here we show that ANKRD11 regulates pyramidal neuron migration and dendritic differentiation in the developing mouse cerebral cortex. Using an in utero manipulation approach, we found that Ankrd11 knockdown delayed radial migration of cortical neurons. ANKRD11-deficient neurons displayed markedly reduced dendrite growth and branching as well as abnormal dendritic spine morphology. Ankrd11 knockdown suppressed acetylation of epigenetic molecules such as p53 and Histone H3. Furthermore, the mRNA levels of Trkb, Bdnf, and neurite growth-related genes were downregulated in ANKRD11-deficient cortical neurons. The Trkb promoter region was largely devoid of acetylated Histone H3 and p53, and was instead occupied with MeCP2 and DNMT1. Overexpression of TrkB rescued abnormal dendrite growth in these cells. Our findings demonstrate a novel role for ANKRD11 in neuron differentiation during brain development and suggest an epigenetic modification as a potential key molecular feature underlying KBG syndrome.
Introduction
KBG syndrome is a rare developmental disorder that affects several body systems. The initials "KBG" are the first letters of the surnames of the first families in which this disorder was diagnosed (Herrmann et al., 1975) . A key feature of KBG syndrome is neurological symptoms that include intellectual disability, autistic behavior, and seizure (Herrmann et al., 1975; Sirmaci et al., 2011; Skjei et al., 2007; Willemsen et al., 2010) . KBG syndrome is caused by haploinsufficiency of the Ankyrin repeat domain-containing protein 11 (ANKRD11) gene resulting from either loss-of-function mutations in the ANKRD11 gene or microdeletions in chromosome 16q24.3, which includes ANKRD11 (Isrie et al., 2012; Lo-Castro et al., 2013; Sirmaci et al., 2011; Walz et al., 2015; Youngs et al., 2011) . Although ANKRD11 loss-of-function results in KBG syndrome, the neural function of ANKRD11 is poorly understood.
As a chromatin regulator, ANKRD11 has two transcription repression domains and one activation domain (Zhang et al., 2004) . Accordingly, ANKRD11 displays a dual function in transcriptional activation and suppression. ANKRD11 participates in transcription inhibition by interacting with histone deacetylases (HDACs) and histone molecules, resulting in the inhibition of ligand-dependent transcription (Zhang et al., 2004) . In a different cellular context, ANKRD11 interacts with histone acetyltransferases (HATs) such as p160 coactivator family members and activates gene transcription (Zhang et al., 2004) . Similarly, ANKRD11 associates with other histone modifiers, p53 acetyltransferase and its cofactors including P/CAF and hADA3, and acetylates p53, which activates the transcription of p53 target genes (Neilsen et al., 2008) . Epigenetic regulation of histones and their associated molecules is important for proper neuronal differentiation during brain development. HDACs and HATs control histone acetylation and thus the gene transcription necessary for nervous system development and synaptic plasticity (Guan et al., 2009; Lilja et al., 2013; Siebzehnrubl et al., 2007; Trakhtenberg and Goldberg, 2012) . For example, HDAC inhibition has been shown to promote neurite outgrowth and neuron survival by altering Bdnf gene expression (Gaub et al., 2010; Hasan et al., 2013) .
Dendritic arborization and spine morphogenesis are critical in establishing proper neural circuitry during brain development. Accordingly, dendritic abnormalities are the most obvious hallmark for developmental disorders associated with intellectual disability and autism spectrum disorder (ASD) (Granato and De Giorgio, 2014; Kaufmann and Moser, 2000; London and Hausser, 2005) . Thus, we aimed to characterize the molecular function of ANKRD11 in pyramidal neuron development including migration, dendrite arborization, and
